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@ Armature for small-sized rotary electrical machinery and method and apparatus for manufacturing same. 

(g) Sestn coating layers (16, 17) are rormea in slots ( 13) of an 
armature core (12) and on end faces (15) of -he armature core 
oy spraying powoer insulating resin in the slots and then 
thermaiiy liouicizing the resin or by introducing liquidized 
insulating resin into the slots. Thereafter, coils (18) are wound in 
the slots, and then the same or simiiar powcer insulating resin 
(19) is filled in the slots and thereafter is thermaiiy soiidified. As 
the insulating resin, for examole. resin including inorganic filler, 
such as :etra-giyc:zyf ether of tetra-phenci ethane, novoiac 
pnenoi resin and the like. 
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Description 

ARMATURE FOR SMALL-SIZED ROTARY ELECTRICAL MACHINERY AND METHOD AND APPARATUS FOR 

MANUFACTURING SAME 



BACKGROUND OF THE INVENTION 

"he cresent invention relates to a rotor for a smail-sized rotary electrical machinery, and more particularly, it 
reistes to a rotor for a smaH-sizad rotary electrical machinery wherein ceils wound around a laminated cere are 
fixed to the core by resin and the like, and to a method and an apparatus for manufacturing sucn rotor. 

fn general, an armature of a rotary electrical machine includes a rotor core having a plurality of slots formed 
there-r,, in each of which a coii is mounted. The coii mounted in eacn of the slots of the rotor core must be 
insulated from the corresponding siot by separating or spacing apart the coil from the inner surface of the 
ccresponcing slot. Conventionally, various methoas for insulating the coils from the corresponding slots 
•'orr.ee in the cere have been proposed. For example, as discicsed in the Japanese Patent Laid-Open 
pjeii cation No. Si -41 346. insulation papers were provided in each of slots of the armature core, then the coil 
was wound in the corresponding slot, and thereafter, the coils were impregnated with varnish to fix the coils in 
the corresponding slots. 

Or. the other hand, in a technique disclosed in the Japanese Patent Laid-Open Publication No. 54-163301 . a 
pevder resin layer was formed on the inner surface of each of the sicts, then the coil was wound in the 
ccrresponcing slot, and thereafter the coils were impregnated witn varnish or the similar powder resin was 
aecad to the slots to fix the ceiis in the corresponding slots. 

Further, as disclosed in the Japanese Patent Laid-Open Publication No. 53-110355. liquid resin was coated 
cr. the Inner surface of each of the slots and insulation papers were mounted on edge portions of the end 
surfaces of the slots. 

However, in operation of the rotary machine, the cciis of the armature are subjected to centrifugal force, 
.vrich force acts on a boundary surface between the solidified varnish and the insulation papers in each of the 
slots or between each of the resin layers and the armature core, thus tending to separate one from the other. 

S'-eh tendency is increased when the varnish and/or the resin layer are softened due to the heat of the 
armature core generated during the operation of the rotary machine. 

in general, such varnish and/or insulation resin used in the conventional techniques, when exposed to the 
temperature of 4GQ~45CTC for about ten minutes, generates smoke, cracks, and/or swells, with the resuit 
that :ne insulation feature thereof is worsened and the mechanical strength thereof is reduced. 

Consequently, there is a problem that, when the rotary machine is rotated at a speed of 5000 r.p.m. or more, 
the armature coils are slipped out from the ccrresDonding slots and/or the insulation for the coils is destroyed. 

in oroer to solve such problem, a specific insulation resin material as disclosed in the Japanese Patent 
Laid-Open Publication No. 51-11102 and/or a specific insulating method as disclosed in the Japanese Patent 
La.d-Open Puolication No. 50-1C8505 has been used. 

However, in such oonventionai techniques, it was difficult to saturate such insulation resin material in the 
slots of the armature core completely and cioseiy, and such insulating method could not easily carried out. 

SUMMARY CP THE INVENTION 

Accordingly, an object of the present invention is to orovice a smatl-sized rotar/ electrical machine which 
there is no insuiaticn failure between the coils anc the cons are not slipped out from the corresDcnding slot of 
tne armature core even when the rotary machine is rotated with large load at a high speed, and a method and 
an secaraius suitaole to manufacture such smaii-sized rotary machine. 

According to the present invention, the aoove-mentioned object is achieved by adhering heat resisting resin 
mc.ucing inorganic tiller onto the inner surfaces of the slots and onto the end faces of the armature core while 
rotating the armature core, before the coils are mounted or inserted into the corresponding slots, and then 
heating and solidifying the heat resisting resin while rotating the armature core, and thereafter, mounting the 
cc;is in the corresponding siots. then filling tne same cr similar heat resisting resin in the slots, and then 
heating and solidifying such resin. 

The heat resisting resm to be adhered to sticked on the inner surfaces of the slots and on the end faces of 
the core is in a powder form at a room temperature, but, when used, is heated to be in a liquid form. And. the 
sciicirication of such resin is performed by heating the resin to a temperature more than that changing it in the 
liquid form. 

The heat resisting resin to be adhered to the inner surfaces of the slots and the end faces of the core may 
be. tor example, a powcer mixture of epoxy resin and phenol resin, including inorganic filler such as alumina, 
silica, talc or the like. 

In the construction of the armature of the small-sized rotary machine, coating layer comprising the solidified 
neat resisting resin including the inorganic filter is coated on the inner surface of each of the siots of the 
armature core and on at least edge portions of the slots at the end faces of the cere, the coils are mounted or 
wound on the coating layer in the corresponding siots. and the same or similar heat resisting resin as the 
cea::r.g layer is filled in the slots around the coils and thermally solidified to form insulator. 

Another object of the present invention is to provide an armature of a small-sized rotary machine comprising 
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cr.enol resir. and inorganic .mer. . m9n ufac*uring an armature of a 

or more. . inven ticn is to provide an apparatus _.w m a . 0 „ :he rotary >S 

shaft ar.c coils inserted and ftxea ■ corre p ^ cQ(| n , s 0 « or *•» Qf tetraphe nol 

ethane, ncvoiac phenol res.n an y ^ ^ a£jhered or 

ccmoound under a temperature ot uu resin , nc , U d.ng W^»«9 he arrnaIure 

According to the present invention smce ma q . ;he armature core whue^.ta ^. ^ 

sticKed to the inner ^^^$£l*«* ^J^S^SS^S- slots at the end _ 
core and the heat resisting ™ of tne slots, but also on the edge pon ^ forTneQ i3 

can he coated no, ^^Si layers of the *^^E£Xa insulation failure at 

; ac=s of the armature cere, mus, «« - < es or the core, me.eoy j Further, since 

^ "he edge ecrtiens of each o. the s.ct at *j exjstenc8 of sucn ccann 'f^ 5 afterwarQ s. 
^edge PO^os ^ as the insulation ^ ^ feaTure . tnus 

the coating layer i» mace o, £ same an d have tne same » ;he rota ^ machine is , 

*oth resins can closely contact beween . Consequently, even ™* hr9 ^ tor holding 

Eventing seoaraticn them at tne ooundary J d (U ., preventing ac ty owhe ^ 
■ ot'ated at'a high soeec. the heat res s.ng ^ is ^ ^ the insuiauo ur - ^ ^ ^ 

- he coils in the correspcnc.ng ,.ot ; from g stj resins a re adhereo and ruled in h rovided on 
^proved. Further, fncebotho p^o each of the slots, further^ncj *£ZS&K* 

Further, the res.n compouno incwc.R g temperature and is in the no rgsin comDOUno 

and inorcanid filler is in the soud pewde orm « more than 200 ^ ■ sven when it is 

heated about 4C0°C - -50 C. «r.-y •• ^ ?he resin compound, i.e.. by 

^rdlno to the present invention, by « - J-J ^o" 
MUi^o coating the coil receiving slots o, £ ethe r of tetra-oner, e hane. j 

StSiSS, temoerature ccnomo, 

3B,E? DESCRIPTION OF THE DRAWINGS constructed. 

arotar/ electrical machine oercreu,s-omp^ . 

Fio. 1 is a persoective view c« a roter or a rotate ^ _ 

•mrsssk. , . — - • — — -» — 

Figs. 7A, 79 and /C are explain y 
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Fig. 3 is a graph showing the relation between feature of insuiation resin useo to the rotor according to 
the present invention and a temDerature; 

Fig. 9 is a schematic etevationai view cf an apparatus for manufacturing the r otor of the smail-sizec 
rotary electrical machine according to the present invention; 

Fig. 10 is a partial sectional view taken along the tine X-X cf Fig. 3. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

A'* embcdimeni of the present invention will now be explained with reference :o the accompanying 
or aw ires. 

Figs. 1 and 2 shew a rctor of rotary electrical machine before coils are mounted or inserted in corresponding 
sio:s :ormed in the rotor, and Fig. 3 shows a sectional view of one cf the siots after the rotcr is completed. 

In Figs. 1 and 2, an armature 10 has a rotary shaft 11 and a laminated core 12 fixealy mounted an the rotary 
shaft 1 1 and the cere 12 has a plurality of siots 13 formed therein. On an inner surface 14 of each of the sicis 
and at least edge portions 15A of each slot at end faces 15 of the core, coating layers 16 and 17 each 
comprised of thermally solidified heat resisting resin including inorganic filler are coated. Thereafter, coils 18 
ar~ inserted, mounted or wound in each of the siots 13. and the same or similar heat resisting resin as the 
coating layer 16 is filled in each of the slots and thermally soiidified to form an insuiator 13. thus completing the 
a.-mature. Here, "similar heat resisting resin" means that, whiie the heat resisting resin itself is the same as 
"same heat resisting resin*, the rate of the inorganic filler involved therein is aifferenr from that in the 'same 
hea: resisting resin" or it differs from the "same heat resisting resin'' in the oo'mx that it does not include the 
inorganic filler. 

The armature 10 is manufactured in the following manner: that is, the heat resisting resin including the 
inorganic filler, which is in a powder form in a room temperature, is heatea to a :emcerature to 0e changed to a 
tic-id form, and the liquidized heat resisting resin is coaied on 3n inner surface U of each of the slots 13 and 
on che end faces 15 of the armature core 12 while rotating the core. The thickness of the coated layer is 
preferably about 200 u. and method for coating the heat resisting resin may ee cropping, immersing or 
scray ng. When the liauidized heat resisting resin is coated by the drooping method, as shown in Fig. 4A. two 
creeping nozzies 20 are arranged at both end portions of the core 12. When the licuidized heat resisting resin 
is coatee by the immersing method, as shown in Fig. 5. a lower portion of the core 12 is immersed in a 
ileuioized resin 21. in order to further thicken the coating layer, viscosity of the resin may oe increased by 
acrrcpriateiy selecting composition and/or temperature cf the resin, or the numoer of applications of the resin 
may be increased. Thereafter, as shown in Fig. 48. the heat resisting resin is thermally solidified while rotating 
the core 12. 

Tre heat resisting resin may be eooxy resin, unsaturated polyester resin, oii-denatured unsaturated 
coiyester resin, alkyd resin, phenol denatured alkyd resin, phenol resin, ou-denatured phenol resin, vinyl 
ho: mat resin, epoxy ester resin, polybutadiene resin, urethane resin, poiyimido resin, pciyamide-imido resin 
3.-0 ;re «ike. Further, the inorganic filler can act to increase the heat resisting feature of the resin, as well as to 
rarcen the coating layer. The inorganic filler may be silica, alumina, talc and the !ike. 

As an example, is taken compound obtained by adding inorganic filler to a mixture cf epoxy resin and phenol 
resir ,Vhen it is heated to a temperature cf the order of 1C0 - 150 C C. it becomes in a liquid form. When the 
:a r Oisn ccmorising such liquidized compound is dropped onto the cere 12 wnicn is neated at substantially the 
sa-.e temperature whiie rotating the core at a speed of aoout 30 r.p.m.. as snewn ;n Fig, 4A. the varnish is 
ach-red on the inner surface 14 ana on the end faces 15 cf the core, and, after the varnisn has been drepped. 
wrar. :he varnish is heated to a temperature of about 200 ~ 250 C C while rotating the core at the same speed 
cf aoout 50 r.p.m.. the varnish is solidified "or about 30 minutes. 

■Vr.;ie the liquidized heat resisting resin is coated and soiicifiea in this way. the resin aopiiea to the end faces 

15 o: :he core 12 tends to shift radially outwardly of the core cue to centrifugal force. :hus more thickening the 
;oa:;r.g iayer at the ecge portions 15A of the siots more than fiat portions cf the ena faces 15 to gather the 
re Sir, thereto. In this case, the relatively heavy inorganic filler induced in :he hear resisting resin is iocaiized in 
Vr.z ecge pertiens 15A due to the centrifugal force. Such localized material constitutes the coating layer 17 at 
•r.e ecce portions 15A after it is thermally solidified. Consequently, since the edge portions ISA (of each of the 
sKtS: aoout which the coil are bent during the coil- mounting operation 3re reinforced by the thickner.-.tl 
•:o a- no iayers 17. the insuiation feature is improved, and damage of the insulator of the coils is prevented. 
'-zriz'f eliminating the insuiation failure in the rotcr. 

After the coils are mounted or inserted in the corresponding slots of the core, the same or similar heat 
resisting resin as the coating layers 15 and 17 is impreganted or filled, in a liauid form, into the slots 13. and 
ther. s thermally solidified. In this way, the insulator 19 is formed. Since the insulator 19 and the coating layer 

16 are constituted by the same or similar heai resisting resin, there is substantially no difference in thermal 
contraction feature at the high temperature between them, thus improving the insulation feature and holding 
raa-ure of the resin. 

.^coercing :o the above-mentioned embodiment, since the heat resisting resin including the inorganic filler 
is aonered on the inner surface of eacn of the slots of the armature core and end faces of the core while 
ro:a:ing the core, and such heat resisting is thermally solidified while rotating the armature core, the coating 
aver comprising the soiidified heat resisting resin is formed on the edge portions of the slots at the end faces 
z\ :r.e core, by which the insulation failure at the edge portions during the winding operation of the coils into 
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the slots can be prevented. Further, since me coating layer ccmonses the same or similar neat resisting resin 
as mat filled in the slots afterwards, there is suostantially no difference in thermal contraction feature at me 
high temperature between them, thus preventing the insulation feature anc r.cicing feaiure of the resin from 
worsening. Further, sines the same or simiiar neat resisting resin is usee for forming the coating layers anc fcr 
filling the slots, the manufacturing system can be simoiifiea anc :ne operation is facilitated, in addition, since f 
the heat resisting resin is applied (acherea and fiilec) in the heated licuidizeo form. ;he siots can be completely 
filled with the resin. Further, since the coating layer is formed on eacn of the ecge portions of the siots ar the 
end faces of the core, it is no need to use insulation papers, the effective volume of the siots for receiving me 
corresponding coils is increased, thus reducing the dimension of the whole core anc thus, reducing the 
dimension of the armature. W 
Next, another embodiment of the present invention will be exoiaired. 

Fig. 5A shows an armature 101 of a smail-sized rotan/ electrical macnine. for exampie. a starrer motor of an 
automobile. As shown in Fig. 5A, the armature 101 has a rotary shaft 102 rotatabiy supported oy a motor 
bracket (not shown). On the rotary shaft 102. an armature core 1C3 formed by a plurality of steel plates 
laminated to form a cylindrical configuration, and a commutator 104 are fixedly mounted. A plurality of coii ?5 
receiving siots 105 are formed on an outer peripheral surface of the armature core 103. as snewn in Fig. 5B. 
Coils 106 are inserted or mounted in the corresponding siots 105 after they are formed in a preoetermmed 
shape. Each of the coils 106 is constituted by an enameiea wire, and is connected at its ends to the 
commutator 104 after it is mounted in the corresponding slot 1 05. Further, end. portions of each coiJ 106 and 
the corresponding coil receiving siot 105 are coated and filled with insulating resin compound 107 (which will 20 
be fully explained sater), respectively, and thereafter, the resin compound is sciidified. 

That is to say, according to the present invention, the insuiating resin compound serves to ooth insulate the 
coiis of the armature and fix the coiis. Sucn insulating resin compound is formed by thermally liquidizing resin 
compound (which is in a solid or powder form at a room temperature! including (A) teira-giycizyi ether of 
tetra-phencl ethane, (B) novolac pnenoi resin, and (C) inorganic filler then coating the liquidized resin 25 
compound to the end portions of each coii and the siots of the armature 101. ana thereafter, soiidifying the 
resin compound at a temperature of 200° C or more. 3y forming the armature with such resin compound, since 
the resin comoound does not crack and/or swell even if the resin .compound is heated at a temperature of 
aoout 400* C ~ 450° C anc has a good fixing feature at a hign temperature, the resin comoound can hold the 
coils in the corresponding slots even when the armature 101 is rotated at a nign soeea. Further, the resin 20 
compound can impregnate and permeate into the siots and the coil completely. 

Next, eacn of components of -he above-mentioned rss'\n compouna will be explained. 

In the present invention, as the (A) component, i.e. tetra-giycizyi ether of tetra-phenoi ethane, tetragiycizyi 
ether of tetra-phenol ethane represented by the following composition [V, is used: 



CH.-CH-CH.-O 

\V L 



\ 



/ 



O-CH.-CH-CH. 
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At need, a sc-cailed epipis-type iicuid eooxy resin (such as di-glycizyl ether derived from bisphencl A and 
epichlorohydrin and its inducer, and di-giycizy! ether derived from cisphenol r and epichiorohydrin and its 
inducer), aiicyclic epoxy and its inducer (such as di-giycizyl ether derived from polyhydnc alcohol and 
epichiorohydrin, glycizyi ether derived from polybasic acid and epichlorohydrin and its inducer, glycizyi ether 50 
derived from water-added bisphenoi A ana epecniorohydrin and its inducer, 3,4-epoxy-6-methylcyclohexylme- 
thy[-3,4-epoxy-6-methylcycichexanecarboxyiate, di-cyciopentazienoxide, vinyicyclohexenoxide. bis(3,4-epox- 
ycyclcpentyi)ether. 3,4-epcxycyciohexylmethyl(3,4-epoxycycionexane)carboxyiate. bis(3,4-epoxy-c-methyi- 
cyclohexyimethyOazipate, and (imcnene dioxide), methyl-substituted epoxy derived from isobutylene. and 
epoxy compound (such as ciethyienegiycoiciglycycyieiher, phenyigiycycylether, and butylglycizyiether) may 65 
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» . H *JXT«Z Ts^S^—^~ -c, resins and creso, novCae resin 

<i e .?cS^' *• (O component. — o^^^^^^^ 
r?~!£?£» used, and the inorganic «^»**^ t ° \™Z % r 1G0 weight oarts of the (A) 

> -s creferable that 30 - 70 weight pans of the (B) c °^^* the resin ccmp0 und. 
^conent in consideration of adhere ^^«£JJ£^.„t w«h respect to 100 weignt pans 

=• -ther it is creferadie to use =0 - -*C0 we gnt -an q v ' f , n resin compound. 

-< a .omoonent in consideration ot v,scosity ana neat res stance re as snown in F.g. 8. 

"the atcve-rnentioned resin compound is J" *Y h ^ 

•AT er the resin compound is appiied to the cod ™ ft* rata . temperature of 100 - 200° C in cons.oerat.on o 

^T^^nS^ Sh ° Wn ^ 

-,,T^!b wi.. he exp.ained with reference to 7£7B «J7a ^ 

Vrst of ail. in Fig. 7A. the res.n compound ,07 is m the po & temperature of 13 0« C by a 

Ml rpound 107 is J* 

• r ,c 3 rer 1 1 1 . and is fuseo, mixed and agitated to be in n «s i a , a temper ature or .00 C - 

s ; 'he ocvvder form at the room temperature and tn q rQom tefnpera ture. In addition, the 

% z and can be returned to the powoer term wnen . : « coolecupj temperature of 200' C or more. 

;: sin comcound is thermaliy solidified (thermoset) when ^heated up ^ jf jt |s c00 , e(j . 

and. after solidified, it cannot be returned ,o fuse d or liou.dized in the step snown ,n 

P- 7S shows a condition that the bqudizad res.n ^J"™ rtons cf the armature 101. More 

=- 7* is orcpoed onto a desired port.ons or a <™d- sucn as end p ^ ..^.^ res , n 

^cuia y resm introduce nozzies 112 are , « nnecte^to ft. the coil end pcrt ions with 

-rr-cund is droocec onto the coil enc portions J™£J-' impound is in the liquid form, the res.n 
rVJn comcound. Further, in this condition. SI ^^^JS «ceMng stoti 105 formed in the outer 
-l-- - nd droooed onto the core encs can nitty penetra a in toJie c a W 9 jn ^ ^ 

I! .cVraf surface of the laminateo core 103 of the as shown in Fig. 6B. In this 

- iiing the coil receiving slots 105 of the armature 10 J^J« "J^ fQ Y rm when it is cooled beK>w 

c ,\ s zi the armature: however, it is possiole ftat ft armature c ft js a[so pc th t 

C and the ocwdered resin comcound is supplied onto the ne 1CC _ 200* C to l.qu.d.ze t 

: T ',;-.r.e ocwdered resin ccmpcunc ,s^ suppi.ee onto fte core it .s ufe of 2C0 * C or more to 

Next, the armature 101 molded with *. | res ^^ZT** armature with the resin compound is 

-r-rcset "resin did not crack or generate gas orsmoke for .; Qni tir.g an engine, since the 

' Par oulariy. when the armature is used or a ^ r ^X^eous^ in the starting operation, the 
large current flows through the eons or J^arty. jn the smal ,. 3 ized motor, the armatu e is 

armature 101 itseif is heated uo to aocut ^ ~ f0U V nd that insulation failure was not . ocourrcd 

.-.eatedi. However, in the present invention rt na oe -n d =. jrther , 3 ,thougn the starter 

,-. Mcausl the coiis on the armature were coated by *e n«m > ^ J ft nas oeen found that in 

" n-o'or is rotated at a hign speed in the oraer or a jw .housanas . a m P ^ ^ siipped out trom the 
• ^Sg^J r » ^ compound fixing the cotts nas a g ood 

^r^Paratus for manufao, ring an = of 

,--->iPO »o the crasent invantion, oy wn.cn .he above ^m.o^u treatment cnamoer 

SilSic^tern-m-teiur^ and . partition curtain 203 

r 3 . Positioned to the right side of ^Vo^^kL^I^ 

exacted between the furnaces 200 and ^ 0 '^^c!So L the resin treatment chamber 201. and 
r I extends through the central portions of ^"'J^S^hoth ends of the conveyor. The heating 
r«r of rollers 205 for driving the conveyor 204 are c 204. the upper compartment being 

S^ai^oseS^^ 

Sl^r^^^S f compo e und. by means of a heater 203 arranged - an uoper 
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portion" of the furnace 206 of the heating furnace 2C0. On the other hand, the lower preheating furnace 207 cf 
the heating furnace 2C0 is maintained to a temcerature of 1G0°C - 200° C whicn ccrresocnas to the 
temcerature for iicutdizing the resin compound. Further, tne resin treatment chamber 201 in wnich the resin is 
ascites to the armature iCl is also maintained to the temperature which can liquidize ihe 'esin cemocunc. 

in acciticn. a fusing bath 300 is arrangec acove the resin treatment cr.amoer 201 and is heated :c a 5 
temperature (for examoie, 130°C S , which can liquidize :ne resin ccmocund. by means cf a heater 3G1 arranged 
below the oath 3C0. The liquidized resin compound 302 situated in the Path 300 Is intrccucec into a resin 
cropping nozzle 304 arranged in the upper portion of the resin treatment cnamber 201 througn a supply 
conduit 303 connected to the bottom of the bath 300. and then is dropped down onto the coil ena portions and 
the like of the armature 101 passing therebeneath. Flow rate and dropped amount cf the iiquioized resin w 
compound 302 directed to the nozzles 304 are controlled by a valve 305 positioned in the sucply conduit 2C3. 
?unt)er, in the resin treatment chamber 201, downstream of the nozzles 304, a sweeoer or brush 3G6 Is 
provided for removing the excessive resin from the armature. In addition, below the nozzles 3C4 and brush 306, 
a receiver tray 307 is provided for receiving the dropped resin (from the nozzies) and the removed resin (from 
the brush) and for senoing the resin into a reservoir 308. 15 

Further, a oiurality cf armature holder 209 are arranged on the beit conveyor 204 at equidistant intervals, 
each cf which is adaDted to fixedly hoid the armature cn the belt conveyor 204. In this way, as shown in Fig. 9 ; 
the armature 101 tc oe treated with the insulating resin are secuentiaily heid cn the rotcr hclaers 209 on the 
belt conveyor 204 and is introduced into the heating furnace 200 througn an ooening formed on the left side cf 
the furnace. 20 

Fig. 10 shows a sectional view of the apparatus taken aiong the line X-X of Fig. 9. As shewn in Fig. 10, a 
rotatacie shaft 30S of the roller 205 for driving the conveyor 204 extends to crctruae from the resin treatment 
cnamber 201 ana is crovided at its free end with a gear 400 meshed with a gear *02 fixed to an output snaft of a 
drive motor 401. In this way, the rotaiional force from ihe drive motor 401 is transmitted to the roiler 205 tc turn 
the oeit conveyor 204. 25 

Further, as best seen in Fig. 10. each of the armature holders 209 attached to the beit conveyer 204 has a 
loooea end into which the rotary snaft 102 of the armature 101 is insertea. whereoy the armature 101 is 
rotataoiy heic by :ne holder 209. In addition, when the armature 101 are fixedly neld. sorockets 403 are 
anacneo to left ends of the corresponding rotary snafts '02 of the armatures, and a chain 404 is engagea by 
the sprccKets 403. In chain 404 is turned through a sprocket 406 fixed to an output shaft cf a chain drive motor 20 
4C5. In this way, the armature 101 are snifted in the heating furnace 200 and treatment chamber while they are 
rotated. 

Next, the operation of the above-mentioned apoaratus will be fully explained. In Fig. 9. the oeit conveyer 204 
protrudes from the opening on the ieft side of the heating furnace 200. First of all. the rotary snaft 102 of the 
armature having the coils wouna thereon is msertea into the looped end of the hoider 209 attached to the beit 35 
conveyor 204. At the same time, the sprockets 403 (Fig. 10) are attached to the corresponding rotary shaft 102 
cf the armature 101 and the chain 404 is mounted around the sprockets 403. In this way. the armatures 101 1 
while rotaxea cn the belt conveyor 204, are at first introduced into the preheating furnace 207 of the heating 
furnace 200. In the preheating furnace 207, the armatures 101 are heatea ud to the temperature of 100°C - 
200° C which corresponds to the temperature for liquidizing the resin compound, ana then are introduced into 40 
the resin treatment chamber 201. 

In the resin treatment cnamoer 201. the licuidized resin compound is drooped from the nozzles 3Q4 onto the 
coil end pertiens of the coils wound on each of the armatures 101, wnereoy the resin ccmoounc is adhered to 
the ccii end oortiens and is penetrated or filled between the coils inserted into the corresooncing slots cf the 
rotor core, thus maiding the armature 101. In this case, as mentioned above, since eacn of the armatures 101 is -iS 
snifted whiie rotated, the dropped resin ccmoound is not localized on the armature, but is uniformly distributed 
cn the armature, thus molding the armature uniformly. Thereafter, the excessive resin is removed from the 
molded armature ; particularly, from the iammatec core of the armature) by means of the sweeper or brush 306. 
Then, the armature is introduced into the thermosetting furnace 206. where the resin ccmoounc is thermaily 
solidified or thermoset thus comoieting the armature 101. The finishea armature 101 is returned :c the 50 
ocening, where the armature is removed from the ceit conveyer 204, and then is cocied. 

in the abeve-menticned manufacturing apoaratus. the heating furnace 200 is divided into the upper 
thermosetting furnace 2C5 and the lower preheating furnace 207 by means of the belt conveyer 204 fcr 
conveying the armatures 101 through the furnace, and the eacn cf the armatures is preneated to the 
temperature fcr liquidizing the resin compound in the lower preheating furnace 207 of the heating furnace 200 55 
before the resin compound is coated on and filled in the armature. In this way, by preheating the armature 
before the resin is applied thereto, the resin compound is net re-solidified after adhered on the surface of the 
armature, whereby the resin can be impregnated around the coils and into the slots completely. 

Further, when the outer surface of the armature is polished, it is desirable that the armature with the 
semi-solidified resin thereon is removed from the thermosetting furnace 206, because the completely 50 
thermoset resin compound is relatively hard, and thus, it is difficult to grind or scrape off the hardened resin on 
the armature by means of a tool and the like. Further, when the surface cf the laminated core is scrapped off in 
order to adjust the rotational balance of the armature 101 , similarly, it is desirable to remove the armature with 
the semi-hardened resin thereon from the thermosetting furnace 206. 

Further, as shown in Fig. 9, the excessively cropped liquidized resin compound is gathered into the reservoir 55 
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9. A meihoa according :o claim 3. wnerein saic step of filling cr coating :s carrisc cu: wmie rotating saic 
rctcr Through said rotar/ shaft 

10. A method according to claim 3. wherein oefore said step cf filling cr coating, saic rotor ■$ creheatec 
tea temperature cM 00° C - 2C0°C. 

1 1 . An accaratus for manufacturing an armature (101 ) zi a smail-siied rotary =:=c;r:ca! mac nine inducing 5 
a rotar/ shaft 102) a laminated cere (12. *C3) rixeciy mouniec on saia rotar/ snaf:. =nc ceiis 03. :0c) 
inserted anc fixed in ccrresponoing coil receiving siots (13. '05) fcrmea in an cuter pencneral surface cf 

said laminated core, ccmorising: 

means for filling or coating said coii receiving slots of said iaminatec core ana at '.east a portion of coil enc* 
portions of said coiis with resin comoound (107, 202) including cetra-gtycizyi ether of tetra-pnenoi ethane. io 
novclac phenoi resin and inorganic filler; ana 

a thermosetting furnace (206) for solidifying said resin compouno uncer a temperature of 200° C or more. 
'2. An appararus according to claim 11, wherein said filling of coating means comprising heating means 
(11 1 r 301) for heating said resin compound at a temperature of 100° C - 2C0°C to liquidize said resin 
compound, and means (1 12. 304) for dropping the liquidized resin compouno onto said armature. :s 

13. An apparatus accoraing to ciaim 12, wherein said filling or coating means further comprises rotating 
means (403. -W, 405. 406) for rotating said armatures thrcugn said rotar/ snafts. 

14. An apparatus according to ciaim 12. wnerein said filling or coating means further comprises means 
(206. 208) for gathering excessive resin compound achered onto said armature and dropceri through saia 
armature. 20 

15. An apparaius according to ciaim 12. further including a preheating furnace (2071 for preheating said 
armature to a :emcerature of 1CC°C ~ 200° C before said filling or coating by means cf said 'esin 
compound is earned out. 

25 
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CO© ?-esin coating :ayers 15. 17^ are J'crmea in slots 
CN(13) of an armature cere (T2) ar.c on eno ; aces (15) 
^cf the armature cere oy scraying oowder insulating 
resin in the slots ana :hen rhermaily iicuidizjng the 
N resin or by introducing iicuicizeo insulating resin into 
^the slots. Thereafter, ecu's (18) are wound ; n :he 
O slots, and then tie same or similar powder instating 
resin (19) is rilled in the slots and -hereafter is 
j^y thermally sciicified. As the insulating resin, for exam- 
pie, resin including inorganic fiiler, such as :etra- 
giycizyi ether of ;etra-pnenci ethane, ncvoiac pnencl 



resin anc the iike. 
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